We report here on optical and magneto-optical spectra investigations of nanostructured Co and Ni films deposited on top of polymethyl methacrylate (PMMA) colloidal crystal. Resonant peculiarities have been observed in both spectra; their positions are scaled with the PMMA sphere diameter and depend on incident angle. Asymmetry of the resonance lineshapes as well as change of the direction of magneto-optical rotation has been observed. Both the surface plasmon resonance and the interference between reflections from the colloidal crystal and from the nanostructured film should be considered to explain the obtained results. © 2011 Optical Society of America OCIS codes: 250.5403, 160.3820, 240.6680. Since T. W. Ebbesen and co-workers found out extraordinary optical transmission through subwavelength holes [1] and explained it by resonance excitation of surface plasmon-polariton (SPP), the optics of nanostructures became a rapidly developing area. During the past two decades studies have been focused on noble metals nanostructures due to low absorption losses of the SPPs in these metals and due to their potential for possible applications [2, 3] . The SPP effects become less pronounced in ferromagnetic materials due to the larger losses, but the plasmon excitations can influence their magnetooptic (MO) properties which recently have been predicted theoretically [4] . A very limited number of experimental works are devoted to study of the surface plasmon resonance (SPR) effects in noble metal/ferromagnetic composite structures [5, 6] , optical transmission through a subwavelength hole arrays in magnetic films [7] [8] [9] , and of MO effects in magnetic periodic nanostructures [8] [9] [10] . Both resonant increase [9] and decrease of MO rotation were observed [8] .
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In this Letter we report on experimental studies of the optical and MO resonant properties of ferromagnetic films deposited on a surface of PMMA colloidal crystals. This system seems to be very promising material for plasmonics investigations [11] and besides it can be manufactured by relatively simple methods which do not require any expensive lithographic techniques.
Preparation of the colloidal crystals is based on selfassembly of monodisperse PMMA globules suspended in aqueous environment. 3D colloidal crystals have been obtained by means of drying of the suspension on a flat glass substrate in a chamber at room temperature. Thickness of the obtained colloidal crystal films is 100-300 μm. The PMMA particles were synthesized by polymerization of MMA monomer in the water solution in presence of the potassium peroxodisulfate (0:08 wt:%). The ordered ferromagnetic nanostructures have been prepared by magnetron sputtering of a thin Co or Ni layer (10-60 nm) on the surface of the PMMA colloidal crystal. So the PMMA nanospheres have been hemispherically covered with metal and the fabricated ferromagnetic film has a strong 2D surface corrugation with a period dictated by the template (290-410 nm in our experiments). Reference flat metal films have been deposited on a glass substrate in the same process. The morphology of the samples has been studied by scanning electron microscopy (SEM, Fig. 1(a) ). The size of the colloidal crystal crystallites with different orientations of the crystal axes is 30-50 μm.
The optical reflection spectra of the nanocorrugated and reference flat films have been measured for the incident angles in the range 20°-70°(hereafter measured from surface normal) both for s and p polarizations in the spectral range 280-1100 nm. The MO spectra have been measured in meridional configuration in the external fields up to 2000 Oe. The value of a Kerr signal is a difference between the polarization angles of the reflected light when a sample is magnetized to saturation in two opposite directions (denoted by arrows on the • The shape of the spectra for s-and p-polarization of the incident angle is practically the same, although the valleys are more pronounced for p-polarization.
• The LW-minimum blue-shifts as the incident angle increases in the same manner for s-and p-polarizations. On the contrary, the SW-minimum red-shifts in the same conditions, [ Fig. 2(a)-2(c) ].
• The MO spectra of nanocorrugated films are scaled with a colloidal particle diameter which determined the period of the structure. Both the positions of LW-and SW-minima show monotonous red-shift as the structure period increases [ Fig. 2(d) ].
• With the increase of the film thickness up to 60 nm, the LW-minimum become less pronounced, while the SW-minimum remain unchanged [ Fig. 2(b) ].
• Quite often one or both minima become so deep, that the direction of the polarization rotation even changes it sign [ Fig. 2(a) ].
The other series of the samples have been prepared using Ni as ferromagnetic metal. The MO spectra of the nanocorrugated Ni films demonstrate the appearance of the same two valleys and have the same dependence on experimental parameters as in the case of the Co films. The typical shape of the spectrum is represented on the Fig. 2(b) for the 60 nm nanocorrugated Ni film. The figure also demonstrates the fact, that the LW-minimum become less pronounced in the case of the thick films. The main differences between Co and Ni samples is related to the fact that even in the case of flat Ni films the coefficient of the Kerr rotation is less than in the case of Co films. In addition, it changes its sign at approximately 800 nm [ Fig. 1(c) ].
The measurements of mirror reflection spectra [ Fig. 2(c) ] of the nanocorrugated Co and Ni films show their complete identity for different light polarizations and incident angles. The reason for such similarities, obviously, is the fact that dielectric constants of these materials are very similar in magnitude in the optical range [12] . Both reflection spectras have two peculiarities that are strongly correlated with the positions of the MO spectra valleys. Comparing the positions of valleys in the Kerr spectra (which are more pronounced) with the peculiarities in reflection spectra, it becomes evident that LW peculiarity in the reflection spectra is not a simple valley but has an asymmetric lineshape.
Let us try to elucidate the physical mechanisms which can lead to such spectra shapes. As in the case of periodically perforated metallic films, the SPP can be excited by incident light, thereby leading to the spectral structure. The dispersion of the resonance with the incident angle and the scaling of the spectra with the period of the structure are the fingerprints of the SPP excitations. In the case of the 2D corrugation, the SPP can be exited both by s-and p-polarization of the incident light. In hexagonally corrugated structure, the SPPs are excited under the condition of k SPP k 0 + G m;n , where k 0 , k SPP , and G m;n 4πmi mj=3 1=2 d are the wavevectors of the incident light along the film plane, the SPP wavevector and the hexagonal lattice reciprocal vector respectively, d is the structure period. For estimations we have used the simplest approximation of SPPs on the flat surface with the dispersion relation k SPP ω=cε m ε d =ε m ε d 1=2 . Here ε d is the permittivity of dielectric and it is equal to 1 or 2.25 for air or PMMA, correspondingly. ε m is the permittivity of metal film, in our estimations we have used the data for Co and Ni permittivity from [13] . Actually, we found a good agreement between the measured SW-resonance positions and the calculated positions for [1,0] SPP resonance for metalair interface (Fig. 3) even in this simplest model. Decrease in the Kerr rotation and even change of its sign near the resonance can be explained on the basis of the same SPR. Probably the angle of Kerr rotation in the reflectance channel connected with the SPP excitation has the sign opposite to MO rotation at the nonresonant reflection. In this case, if the contribution of SPR channel to the reflection is significant enough, then there is a change in the Kerr rotation sign. The similar effects were observed in the hexagonal lattice of Co antidotes [9] .
While the estimation shows that LW peculiarities of the spectra are in the same frequency range where SPP on the Co-PMMA interface should be, its dispersion is determined by a position of Bragg peak in the reflection of the colloidal crystal substrate. So LW peculiarity blueshifts with the angle. The initially symmetric Bragg resonance lineshape in the reflection of the colloidal crystal becomes more and more asymmetric as the deposited film thickness increases (Fig. 4) . The asymmetry of the lineshape is the result of interference of two reflection processes: the resonant Bragg reflection from the 3D colloidal crystal and the reflection from the nanocorrugated film, so the Fano model is appropriate. For an isolated Fano resonance, the reflection lineshape can be written as R Fano R 0 R a ε ν q 2 =1 εv 2 , where ε ν ω − ω v =Γ=2. R 0 is a slowly varying reflectance; Ra is a contribution of a zero-order continuum state that couples with the discrete resonant state. ω ν and Γ are peak frequency and linewidth of the resonant state, respectively, and q is the coupling coefficient, characterizing the ratio between resonant and nonresonant reflection . Using the Fano model fit to our data we have found out that the jqj decreases from ∼20 to 1.5 as the deposited film increases up to 40 nm, which corresponds to decrease of the role of the Bragg reflection from colloidal crystal substrate [12] . With the further increase of the film, the resonance becomes less pronounced as the film become less transparent.
In summary, we experimentally found the resonance peculiarities in the reflection and Kerr rotation spectra of the 2D nanocorrugated magnetic films on the top of PMMA colloidal crystal. The positions of resonances are scaled with the period of corrugation and have dispersion with the angle. The spectral peculiarities are attributed to the surface plasmon resonance excitation and to the interference between reflections from the colloidal crystal substrate and from the nanostructured film.
